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METHODS AND SYSTEMS FOR DETECTING
PATCH PANEL PORTS FROM AN IMAGE
HAVING PERSPECTIVE DISTORTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s related to U.S. patent application Ser.
No. 13/968,016, filed on Aug. 15, 2013.

BACKGROUND

Patch panels are commonly used 1n data centers to connect
servers and remote clients. Due to the complexity of these
data connections, there can be many wire connectors origi-
nating from a single patch panel. A data center can include
tens or even hundreds of patch panels.

Labeling ports of a panel requires obtaining the number of
ports, accurate sizes of the ports and inter-port distances. A
traditional way to generate labels for a patch panel 1s to use a
measuring tape to take measurements, and input the measure-
ments mto a label printer. However, this process can be
tedious and 1nefficient. A camera-equipped electronic device,
such as a smartphone, may be used to take an 1mage of the
to-be-labeled ports and estimate the dimensions of the ports.
However, 1t may be difficult to estimate port dimensions from
an 1mage that 1s not captured from a fully-frontal or from a
distorted perspective.

SUMMARY

This disclosure 1s not limited to the particular systems,
methodologies or protocols described, as these may vary. The
terminology used in this description 1s for the purpose of
describing the particular versions or embodiments only, and
1s not intended to limit the scope.

As used 1n this document, the singular forms “a,” “an,” and
“the” include plural reference unless the context clearly dic-
tates otherwise. Unless defined otherwise, all technical and
scientific terms used herein have the same meanings as com-
monly understood by one of ordinary skill in the art. All
publications mentioned in this document are incorporated by
reference. All sizes recited 1n this document are by way of
example only, and the invention 1s not limited to structures
having the specific sizes or dimension recited below. As used
herein, the term “comprising” means “including, but not lim-
ited to.”

In an embodiment, a method of estimating one or more
dimensions of a patch panel may include receiving an image
of a patch panel that comprises a plurality of ports and one or
more gaps, extracting, by a computing device, a region of
interest from the received image, detecting, by the computing
device, one or more possible port edges from the region of
interest, fitting the detected possible port edges to a cross-
rat1o constancy model to determine a port-to-gap-length ratio
associated with the patch panel, using the port-length-to-gap-
length ratio to determine a location of one or more final port
edges, and determining a location of one or more final ports
based on the location of the final port edges.

In an embodiment, a system for estimating one or more
dimensions of a patch panel may 1include a computing device
and a computer-readable storage medium in communication
with the computing device. The computer-readable storage
medium may include one or more programming instructions
that, when executed, cause the computing device to recerve an
image of a patch panel that comprises a plurality of ports and
one or more gaps, extract a region ol interest from the
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received 1mage, detect one or more possible port edges from
the region of interest, fit the detected possible port edges to a
cross-ratio constancy model to determine a port-to-gap-
length ratio associated with the patch panel, use the port-
length-to-gap-length ratio to determine a location of one or
more final port edges, and determine a location of one or more
final ports based on the location of the final port edges.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example patch panel according to an
embodiment.

FIG. 2 1llustrates a flow chart of an example method of
estimating patch panel measurements according to an
embodiment.

FIGS. 3-5 illustrate example markers according to various
embodiments.

FIG. 6 1llustrates an example region of interest according to
an embodiment.

FIG. 7 illustrates an example edge map according to an
embodiment.

FIG. 8 1llustrates an example patch panel according to an
embodiment.

FIG. 9 1llustrates an example original line 1n three-dimen-
sional space and an example projected line according to an
embodiment.

FIG. 10 illustrates an example patch panel according to an
embodiment.

FIG. 11 illustrates example final port edges according to an
embodiment.

FIG. 12 illustrates a block diagram of example hardware
that may be used to contain or implement program instruc-
tions according to an embodiment.

DETAILED DESCRIPTION

The following terms shall have, for purposes of this appli-
cation, the respective meanings set forth below:

A “‘gap” refers to an area between the end of one port and
the beginning of an adjacent port.

A “patch panel” refers to a box 1n or associated with an
clectronic device that includes one or more ports. A patch
panel may be used to connect two or more electronic or other
devices via one or more wires or other connectors. For
cxample, 1n a data center, a patch panel may be used to
facilitate the connection a client and a server. As another
example, 1n a recording studio, a patch panel may facilitate
the comnection of electronic instruments, microphones,
recording devices, amplifiers and/or the like.

A “perspective distortion” refers to transformation of an
object or 1ts surrounding area in an 1image that differs from
how the object actually appears. Examples of perspective
distortions include, without limitation, an 1mage that 1s cap-
tured from a perspective other than a full-frontal perspective.

A “port” refers to an electric socket of a patch panel that 1s
configured to receive a wire or other connection.

A “port edge” refers to a vertical edge of a port.

FIG. 1 1llustrates an example patch panel of an electronic
device according to an embodiment. Examples of electronic
devices include, without limitation, personal computers,
servers, mainirames, gaming systems, televisions, and por-
table electronic devices such as smartphones, personal digital
assistants, cameras, tablet computers, laptop computers,
media players, and/or the like. Other example electronic
devices may include, without limitation, routers, switches,
media hubs, and other networking devices, microphones,
amplifiers and/or the like.
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As 1llustrated by FIG. 1, ports of a patch panel may be
divided 1nto one or more groups of ports. Each group may
contain one or more ports. For example, as 1llustrated by FIG.
1, a top patch panel 100 may include four ports 102, 104, 106,
108, and a bottom patch panel 110 may include six ports 112,
114,116, 118, 120, 122. Additional and/or alternate numbers
of groups and/or ports may be used within the scope of this
disclosure.

Asillustrated by FI1G. 1, the inter-port distances of the ports
on the top patch panel 100 differ from that of the ports on the
bottom patch panel 110. As such, the resulting label strips
illustrated in FIG. 1 differ for each patch panel.

FIG. 2 1illustrates a flow chart of an example method of
estimating patch panel measurements according to an
embodiment. As illustrated by FIG. 2, an image of one or
more patch panels may be received 200. In an embodiment,
an 1mage may be a picture of a patch panel that may be
captured by an imaging device. An imaging device may be a
computing device configured to capture one or more 1mages
and may include, without limitation, a camera, a mobile
device, a tablet, a smartphone and/or the like. In an embodi-
ment, an 1mage may be recerved from an 1maging device.

In an embodiment, one or more markers may be used
during the image capture process. A marker may be an elec-
tronic object that may be used to assist with alignment, posi-
tion, location and/or the like of an 1mage. In an embodiment,
one or more markers may be displayed in a user interface of an
imaging device. One or more markers may be provided 1n a
user interface to allow users to align at least a portion of the
image, reduce distortion of the image or change the perspec-
tive or view of an 1image. In an embodiment, a marker may be
overlaid on a frame or screen, such as a preview screen, of an
imaging device.

FIGS. 3-5 illustrate example markers according to various
embodiments. FIG. 3 illustrates a marker 300 shown as a
horizontal straight line segment with starting and ending
points 302, 303 that are shown as two vertical lines. A user
may be able to align the marker with one or more ports or
patch panels by moving the marker, a start point of a marker,
an end point of a marker, and/or the like. As such, a marker
may be used to 1dentily one or more ports or patch panels to
be analyzed. FIG. 4 illustrates an example marker 400
depicted as a horizontal line. FIG. 5 illustrates an example
marker 500 depicted as a rectangular box. In an embodiment,
the size and/or aspect ratio of the box may be adjusted by a
user. For example, a user may edit the box using a user
interface of an 1imaging device. Additional and/or alternate
shaped and/or sized markers may be used within the scope of
this disclosure.

In an embodiment, a region of interest may be extracted
202 from the captured image. A region of interest may be
extracted 202 based on the location of one or more markers.
For example, a width, a height or another dimension with
respect to a marker may be extracted as a region of interest.
For instance, an extracted region of interest may include a
portion of an image that includes a quarter of an inch from a
marker 1n all directions. Additional and/or alternate areas may
be used within the scope of this disclosure.

FIG. 6 illustrates an example region of interest extracted
from the 1mage shown 1n FIG. 3. As illustrated by FIG. 6, the
extracted region of interest includes the patch panel corre-
sponding to the marker 300 in FIG. 3.

Referring back to FIG. 2, 1n an embodiment, one or more
possible port edges may be detected 204 using the region of
interest. One or more possible port edges may be extracted
from a region of interest using an edge detection algorithm
such as, for example, a Canny edge detection algorithm, to
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create an edge map. In an embodiment, an edge detection
algorithm may locate one or more vertical lines or edges from
an 1mage. FIG. 7 illustrates an example edge map according
to an embodiment.

A horizontal edge intensity profile may be calculated based
on the edge map. In an embodiment, a column having a
number of edge pixels greater than a certain threshold may be
considered a vertical line. Consecutive lines may be com-
bined to produce a final set of lines. FIG. 8 illustrates a patch
panel image with detected vertical lines overlaid.

In an embodiment, one or more possible port edges may be
fit 206 to a cross-ratio constancy model. Under a cross-ratio
constancy model, for an 1mage with perspective distortion,
the cross ratio of certain points on an original line 1n three-
dimensional space may be the same as the cross-ratio of
certain points on a projected line. For example, FIG. 9 1llus-
trates an original line 900 in three-dimensional space and a
projected line 902. The original line may include points A, B,
C, D while the projected line may include points A', B', C', D'.
In an embodiment, A', B', C', D' may be projections of points
A, B, C, D, respectively.

In an embodiment, a cross-ratio constancy model may be
represented by the following equation:

AC AD A'C" A'D
BC ' BD B C'' B'D

In an embodiment, a candidate gap may be identified from
a region ol interest. A candidate gap may represent possible
space between ports of a patch panel according to an embodi-
ment. At least one trailing edge associated with the candidate
gap may be 1dentified, and at least one leading edge associ-
ated with the candidate gap may be identified. A trailing edge
may refer to an edge located to one side of a candidate gap,
while a leading edge may refer to an edge located on another,
opposite side of a candidate gap.

In an embodiment, two trailing edges and two leading
edges may be selected for a candidate gap. FIG. 10 illustrates
the 1image of FIG. 8 with the vertical lines labeled. In an
embodiment, 1f the candidate gap 1000 1n FIG. 10 1s 1denti-
fied, Trailing Edge 2 1002 and Trailing Edge 3 1004 may be
selected, and Leading Edge 4 1006 and Leading Edge 5 1010
may be selected.

In an embodiment, a port-to-gap-length ratio may be esti-
mated using the selected edges. The port length 1n real dimen-
sion may be denoted by a, and the gap length in real dimen-
sion may be denoted as b. In an embodiment, the pixel
distance or projected distance between one or more pairs of
selected edges may be denoted. For example, using FIG. 10 as
an example, the distance between Trailing Edge 2 1002 and
Trailing Edge 3 1004 may be denoted as x, the distance
between Trailing Edge 3 and Leading Edge 4 1006 may be
denoted by y, and the distance between Leading Edge 4 and
Leading Edge 5 1010 may be denoted by z.

In an embodiment, the real distance between one or more
pairs of selected edges may be denoted. A real distance may
be measured 1n terms of port lengths and/or gap lengths. For
example, referring to FIG. 10, Trailing Edge 2 1002 and

Trailing Edge 3 1004 has one port in between, so the real
distance between Trailing Edge 2 and Trailing Edge 3 may be
denoted as a. Trailing Edge 3 1004 and Leading Edge 4 1006
have a single gap 1n between, so the real distance between
these two edges may be denoted as b.
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Applying the projected distances and real distances using
edges 1002, 1004, 1006, 1010 to the cross-ratio constancy
equation above may result in the following:

X+y X+y+z
y o y+z

_ ﬂ+b_3ﬂ+2£:»
b 2a+2b

In an embodiment, the lett side of the above equation may
be denoted by an intermediate variable such as

Yy +2)
oy +y+z)

The equation may be factored into:

2(%)2 + (4 BP)(E) +2(1—p)=0

The solution to the above equation 1s the port-to-gap length
rat10, which may be expressed as follows:

a 3p-4+vVpOp-38
b~ 4

=

In an embodiment, the computed port-to-gap length ratio
may be used to estimate 208 edge locations for one or more
edges of an area of interest. Potential vertical edge locations
may be estimated by applying and solving the cross-ratio
constancy equation repeatedly, given the port-to-gap-length
ratio.

In an embodiment, one or more locations of the vertical
lines that are detected 204 in the region of interest may be
compared to one or more of the estimated edge locations. If
the location of a detected vertical line 1s within a certain
threshold distance from the location of an estimated edge
location, the detected vertical line may be considered as a
final port edge. If the location of a detected vertical line 1s
outside of a certain threshold distance from the location of an
estimated edge location, the detected vertical line may not be
considered as a final port edge. Instead, the estimated edge
location may be considered as a final port edge.

In an embodiment, one or more final port edges may be
displayed 208. For example, one or more final port edges may
be displayed as an overlay to the recetved image. FIG. 11

illustrates example final port edges corresponding to the
image shown in FIG. 10. As illustrated by FIG. 11, Edge 5

1010 and Edge 6 1012 have been rejected in the model.
Instead, the model has filled in a pair of edges that are more
aligned with the candidate gap.

In an embodiment, the port-to-gap-length ratio and posi-
tions of the final port edges may be refined with a least squares
fitting. The port edges that have been retained atfter rejection
may be used 1n a least squares type cost function. The cost
function may be optimized using an optimization method to
obtain a best estimate of the port-to-gap length ratio as well as
positions of the final port edges.

In an embodiment, referring back to FIG. 2, steps 206 and
208 may be repeated one or more times using different can-
didate gaps and corresponding pairs of leading and trailing
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edges. The best result out of the trials may be selected as the
ultimate port-to-gap-length ratio and positions of the final
edges.

In an embodiment, a position, location and/or the like of
one or more final ports may be estimated 210 based on one or
more of the final port edges. For example, a location of a final
port may be an area between two final port edges. Similarly,
a position of a gap may be estimated based on one or more of
the final port edges. For example, a location of a gap may be
an area between a pair of final ports.

In an embodiment, information relating to the location of
one or more final port edges and/or ports may be provided 212
to a print device. For example, information relating to an
inter-port distance, a port-length-to-gap-length ratio and/or
the like may be provided to a print device. The print device
may use this information to generate an 1image, a print out, a
document and/or like that corresponds to the patch panel
illustrated 1n the received image. For example, a print device
may generate one or more labels that correspond to the patch
panel 1llustrated in the recerved image. In an embodiment, the
position of one or more labels may align with the locations of
one or more ports of the patch panel. For example, a print
device may generate a sheet of labels where the position and
dimensions of each label align with the position and dimen-
sions of a port of a port panel.

FIG. 12 depicts a block diagram of hardware that may be
used to contain or implement program instructions. A bus
1200 serves as the main information highway interconnecting,
the other illustrated components of the hardware. CPU 12035
1s the central processing unit of the system, performing cal-
culations and logic operations required to execute a program.
CPU 1205, alone or in conjunction with one or more of the
other elements disclosed in FIG. 12, 1s an example of a pro-
duction device, computing device or processor as such terms
are used within this disclosure. Read only memory (ROM)
1210 and random access memory (RAM) 12135 constitute
examples of non-transitory computer-readable storage
media.

A controller 1220 interfaces with one or more optional
non-transitory computer-readable storage media 1225 to the
system bus 1200. These storage media 1225 may include, for
example, an external or internal DVD drive, a CD ROM drive,
a hard drive, flash memory, a USB drive or the like. As
indicated previously, these various drives and controllers are
optional devices.

Program instructions, software or iteractive modules for
providing the interface and performing any querying or
analysis associated with one or more data sets may be stored
in the ROM 1210 and/or the RAM 1215. Optionally, the
program instructions may be stored on a tangible non-transi-
tory computer-readable medium such as a compact disk, a
digital disk, flash memory, a memory card, a USB drive, an
optical disc storage medium, such as a Blu-ray™ disc, and/or
other recording medium.

An optional display interface 1230 may permit information
from the bus 1200 to be displayed on the display 1235 1n
audio, visual, graphic or alphanumeric format. Communica-
tion with external devices, such as a printing device, may
occur using various communication ports 1240. A communi-
cation port 1240 may be attached to a communications net-
work, such as the Internet or an intranet.

The hardware may also include an interface 1245 which
allows for receipt of data from input devices such as a key-
board 1250 or other mput device 1255 such as a mouse, a
joystick, a touch screen, a remote control, a pointing device,
a video 1nput device and/or an audio mput device.
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It will be appreciated that various of the above-disclosed
and other features and functions, or alternatives thereof, may
be desirably combined into many other different systems or
applications or combinations of systems and applications.
Also that various presently unforeseen or unanticipated alter-
natives, modifications, variations or improvements therein
may be subsequently made by those skilled in the art which
are also intended to be encompassed by the following claims.

What 1s claimed 1s:

1. A method of estimating one or more dimensions of a
patch panel, the method comprising:

receiving an 1mage of a patch panel, wherein the patch

panel comprises a plurality of ports and one or more
gaps,

extracting, by a computing device, a region of interest from

the recerved 1mage;

detecting, by the computing device, one or more possible

port edges from the region of interest;

fitting the detected possible port edges to a cross-ratio

constancy model to determine a port-to-gap-length ratio
associated with the patch panel;

using the port-length-to-gap-length ratio to determine a

location of one or more final port edges; and
determining a location of one or more final ports based on
the location of the final port edges.

2. The method of claim 1, wherein:

receiving an image ol a patch panel comprises receiving

the 1mage of the patch panel from an 1maging device,
wherein the 1mage comprises a perspective distortion.

3. The method of claim 2, further comprising;

presenting, by the imaging device, one or more markers on

a user 1nterface to assist with alignment of the image.
4. The method of claim 3, wherein:
receiving an image of a patch panel further comprises
receiving an indication of the one or more markers;
extracting a region of interest from the received image
comprises extracting the region of interest based on the
received mdication.

5. The method of claim 1, wherein detecting one or more
possible port edges from the region of interest comprises:

applying an edge detection algorithm to the region of inter-

est to 1dentity one or more vertical lines; and

creating an edge map that includes the identified vertical

lines.

6. The method of claam 1, wherein fitting the detected
possible port edges to a cross-ratio constancy model to deter-
mine a port-to-gap-length ratio associated with the patch
panel comprises:

identifying a candidate gap from the region of interest;

identifying a first trailing edge and a second trailing edge

associated with the candidate gap:;

identifying a first leading edge and a second leading edge

associated with the candidate gap:;

determining the port-to-gap-length ratio by solving

AC AD A'C A'D
BC ' BD B C' BD

where:
AC 15 a pixel distance between the first trailing edge and
the first leading edge from the 1image,
BC 1s a pixel distance between the second trailing edge
and the first leading edge from the image,
AD 1s a pixel distance between the first trailing edge and
the second leading edge from the 1mage,
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BD 1s a pixel distance between the second trailing edge
and the second leading edge from the 1image,

A'C'1s a physical distance between the first trailing edge
and the first leading edge,

B'C' 1s a physical distance between the second trailing
edge and the first leading edge,

A'D'1s a physical distance between the first trailing edge
and the second leading edge,

B'D' 1s a physical distance between the second trailing
edge and the second leading edge.

7. The method of claim 1, wherein using the port-to-gap-
length ratio to determine a location of one or more final port
edges comprises:

determiming a location of one or more estimated port edges

based on the determined port-to-gap-length ratio;

for each estimated port edge:

comparing the location of the estimated port edge to a
location of one or more of the possible port edges,

if the location of the estimated port edge 1s within a

threshold distance from the possible port edge, 1den-
ifying the estimated port edge as a final port edge,
otherwise, 1identifying the possible port edge as the
final port edge.

8. The method of claim 7, further comprising generating a
modified 1mage that comprises the recerved image and an
overlay showing the final port edges and their locations.

9. The method of claim 7, further comprising sending
information about the final port edges to a print device so that
the print device prints one or more labels having positions that
align with the final ports.

10. A system for estimating one or more dimensions of a
patch panel, the system comprising:

a computing device; and

a computer-readable storage medium in communication

with the computing device, wherein the computer-read-

able storage medium comprises one or more programs-
ming nstructions that, when executed, cause the com-
puting device to:

receive an 1mage of a patch panel, wherein the patch
panel comprises a plurality of ports and one or more
24dP>s,

extract a region of interest from the recerved image,

detect one or more possible port edges from the region of
interest,

{1t the detected possible port edges to a cross-ratio con-
stancy model to determine a port-to-gap-length ratio
associated with the patch panel,

use the port-length-to-gap-length ratio to determine a
location of one or more final port edges, and

determine a location of one or more final ports based on

the location of the final port edges.

11. The system of claim 10, wherein the one or more
programming instructions that, when executed, cause the
computing device to receive an 1mage of a patch panel com-
prise one or more programming instructions that, when
executed, cause the computing device to receive the image of
the patch panel from an 1maging device, wherein the 1image
comprises a perspective distortion.

12. The system of claim 11, further comprising:

an 1maging device i communication with the computing

device, wheremn the 1imaging device 1s configured to

present one or more markers on a user interface to assist
with alignment of the image.

13. The system of claim 10, wherein:

the one or more programming instructions that, when

executed, cause the computing device to receive an

image of a patch panel comprises one or more program-
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ming nstructions that, when executed, cause the com-
puting device to recerve an indication of one or more
markers:

the one or more programming instructions that, when

executed, cause the computing device to extract aregion
of interest from the received 1mage comprise one or
more programming instructions that, when executed,
cause the computing device to extract the region of inter-
est based on the recerved indication.

14. The system of claim 10, wherein the one or more
programming instructions that, when executed, cause the
computing device to detect one or more possible port edges
from the region of 1nterest comprise one or more programs-
ming instructions that, when executed, cause the computing,
device to:

apply an edge detection algorithm to the region of interest

to 1dentily one or more vertical lines; and

create an edge map that includes the identified vertical

lines.

15. The system of claim 10, wherein the one or more
programming instructions that, when executed, cause the
computing device to {it the detected possible port edges to a
cross-ratio constancy model to determine a port-to-gap-
length ratio associated with the patch panel comprise one or
more programming instructions that, when executed, cause
the computing device to:

identify a candidate gap from the region of interest;

identify a first trailing edge and a second trailing edge

associated with the candidate gap;

identify a first leading edge and a second leading edge

associated with the candidate gap:;

determine the port-to-gap-length ratio by solving

AC AD A'C" A'D
BC'BD B C' BD

where:
AC 1s a pixel distance between the first trailing edge and
the first leading edge from the 1image,
BC 1s a pixel distance between the second trailing edge
and the first leading edge from the image,
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AD 1s a pixel distance between the first trailing edge and
the second leading edge from the 1mage,

BD 1s a pixel distance between the second trailing edge
and the second leading edge from the 1image,

A'C'1s aphysical distance between the first trailing edge
and the first leading edge,

B'C' 1s a physical distance between the second trailing
edge and the first leading edge,

A'D'1s a physical distance between the first trailing edge
and the second leading edge,

B'D' 1s a physical distance between the second trailing
edge and the second leading edge.

16. The system of claim 10, wherein the one or more
programming instructions that, when executed, cause the
computing device to use the port-to-gap-length ratio to deter-
mine a location of one or more final port edges comprise one
or more programming instructions that, when executed, cause
the computing device to:

determine a location of one or more estimated port edges

based on the determined port-to-gap-length ratio;

for each estimated port edge:

compare the location of the estimated port edge to a
location of one or more of the possible port edges,
if the location of the estimated port edge 1s within a
threshold distance from the possible port edge, 1den-
tify the estimated port edge as a final port edge, oth-
erwise, identily the possible port edge as the final port
edge.

17. The system of claim 16, further wherein the computer-
readable storage medium further comprises one or more pro-
gramming instructions that, when executed, cause the com-
puting device to generate a modified image that comprises the
received 1mage and an overlay showing the final port edges
and their locations.

18. The system of claim 16, wherein the computer-readable
storage medium further comprises one or more programming,
instructions that, when executed, cause the computing device
to send information about the final port edges to a print device
so that the print device prints one or more labels having
positions that align with the final ports.
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